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ABSTRACT

Objective: To investigate the relationship between high-sensitivity CRP(
hs-CRP) and poor outcome (modified Rankin Scale score>2) or end point
events at 3 months in the patients with symptomic middle cerebral artery
atherosclerotic stenosis (SMCAAS). Methods: One hundurd and twen-
ty-three consecutive patients with SMCAAS were admitted within 72
hours of symptom onset. hsCRP and NIH stroke scale (NIHSS) were mea-
sured at the time of admission. Patients were followed for up to 3 months
for Short-term functional outcome measured by mRS and end point
events. Logistic regression model was applied to adjust for confounding
variables. Results: patients with hs-CRP levels >3 mg/L had high NIHSS
(P< 0.001)and poor short-term functional outcomes or end point events
(p=0.01; p=0.03). After adjusting for confounding variables, high hs-CRP
remained to be associated with high end point events (p =0.033)at 3
months only.Conclusion: admission hs-CRP concentration is an indepen-
dent predictor of end point events at 3 months when measured within 72
hours after onset of SMCAAS.

Atherosclerotic intracranial artery stenosis is Chinese
main cause of ischemic cerebral apoplexy, mainly hap-
pened in the middle cerebral artery (MCA) , which have
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high rate of relapse [1-2].There are also did not reach sat-
isfactory curative effect even with regular cure in the treat-
ment of atherosclerosis intracranial artery lesions [1-2].
Discuss the disease severity and prognosis related serologi-
cal indicator has important practical significance. C-reac-
tive protein (C - reaction protein, CRP) is an indicator
which has a lot of research in atherosclerosis and cardio-
vascular disease risk factors in recent years, and it is one of
the mark of vascular disease prognosis and future vascular
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events [3]. Intracranial atherosclerotic stenosis also exist
inflammation process [4]. But less study on the relation-
ship of disease severity and prognosis of CRP and symp-
tomatic intracranial artery stenosis that due to the recur-
rence of symptomatic intracranial artery stenosis is high in
the early phase[5-7]. this study aims to investigate allergic
C - reactive protein (High sensitivity C - reaetive protein,
hsCRP) for symptomatic middle cerebral artery artery
stenosis condition judgement and predictive value of
short-term prognosis. This study aims to investigate the
predictive value of condition judgement and short-term
prognosis of high sensitivity C - reaetive protein ( hsCRP)
for the artery and main artery stenosis in symptomatic
middle cerebral.

1. Materials and Methods

1.1 General Information

One hundurd and twenty-three cases of symptomic mid-
dle cerebral artery atherosclerotic stenosis which had been
confirmed by TCD and MRA and clinical diagnosis were
seclected from September 2008 to March 2011.All patients
were attacked within 72 hours. There were 76 cases of
male and 47 cases of female, 40 to 87 years old, the aver-
age was (69.3 £ 11.2) years old. At the same time, DWI
examination confirmed that new infarcts in narrow MCA
blood supply area, of 40 or higher. The clinical data of pa-
tients and main risk factors of stroke were record, includ-
ing hypertension, diabetes mellitus (DM), coronary heart
disease, high cholesterol, smoking, drinking, family history
of stroke and carotid plaques. All of the patients into the
team had been complete the plasma hs - CRP examination
and the national institutes of health stroke Scale score
(NIHSS), Follow-up and modified Rankin Scale score 3
months after treatment (modified Rankin Scale, mRS > 2
is divided into poor prognosis index) and end events inci-
dence. End point events including the primary end point
(TIA) and cerebral infarction, secondary end points (acute
angina and myocardial infarction) and all-cause death.
1.2 Methods
1.2.1 The Determination of Serum hs-CRP

Patients on an empty stomach were taken 3 mL venous
blood serum into the group the next morning in the hospi-
tal. Sucked out serum after centrifugal and then applica-
tion of automatic special protein analyzer which came
from Beckman companies in the United States. hsCRP kit
purchased from the company, using immune scattering tur-
bidimetric method for the quantitative determination. All
the test was inspection independently by one not familiar
with the clinical data of patients, and in strict accordance
with the kit instructions and equipment operation proce-
dures, normal for (0-3) mg/L, greater than 3 mg/L is above

the average, hsCRP acuity 9.5 mg/L may consider merging
potential infection on admission, not included in the analy-
sis.
1.2.2 Head MRI

Using Siemens 1. 5 t superconducting magnetic reso-
nance system, all patients had been accepted to checked by
MRI (conventional MRI DWI) and three-dimensional time
leap method of magnetic resonance angiography (3 d TOF
MRA) MRA examination within 5 d after attack, and rou-
tine MRI including T1 weighted and T2 weighted and
FLAIR sequence line transverse, sagittal scans, and MRA
examination including intracranial vascular. A vice direc-
tor of radiology and two high qualification neurologist
read MRI film together, and two consecutive DWI in high
intensity signal at least can be regarded as acute cerebral
infarction.
1.2.3 MCA Stenosis Criterion

Standard of MRA in the diagnosis of MCA stenosis:The
degree of tube cavity stenosis and signal loss were based
upon MRA display, according to the standard of Gao etal
[8]to evaluate the degree of vascular stenosis [8]. More
than 50% of cerebral artery stenosis was defined as a
meaningful narrow lesions in this study and excluded pa-
tients with extracranial stenosis of 50% or higher. The
blood flow velocity of MCA stenosis was diagnosed by
TCD have some condition as follows. All patients had
been accepted to checked by TCD examination within 5 d
after attack. The peak systolic blood flow velocity = 140
cm/s and the mean flow velocity (MFV) = 100 cm/s with
spectrum disorders and/or vortex noise suggest there may
be a MCA stenosis. The existence of the MCA stenosis
must be confirmed with TCD and MRA examination for
all patients, and recorded other intracranial artery stenosis
whether there have at the same time.
1.2.4 Statistical Treatment

The data entry and statistics analysis were been used
SPSS 13.0 statistical software. Normal distribution vari-
ables adopt mean description, t test. Non-normal distribu-
tion variables adopt the median and interquartile range de-
scription, non-parametric test. Count data using x2 test,
small sample using the Fisher 's inspection, correlation
analysis using spearman correlation analysis method, mul-
tiple factors analysis using Ligistic regression analysis, P
values < 0.05 were all statistically significant.

2. RESULTS

2.1 General Information

Five hundred and eighty-nine cases of hospitalized pa-
tients which were clearly diagnosed as cerebral infarction
were selected. The eligible patients with symptomatic
MCA stenosis were 123 cases, with 108 cases in the form
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of cerebral infarction(87.8%), 15 cases in the form of TIA
(12.2%). The risk factors of symptomatic MCA stenosis
apoplexy were 87 cases of hypertension (70.7%), 41 cases
of diabetes(33.3%), 68 cases of hyperlipidemia(55.3%), 25
cases of coronary heart disease(20.3%), 58 cases of smok-
ing(47.2%), 32 cases of alcoholism (26.0%), 31 cases of
family history of stroke (25.2%). The values of hs-CRP
were abnormal distribution, the range of 0.14-8.84 mg/L,
the median of 2.17 mg/L, and the interquartile range of
1.06-4.54 mg/L. The patients were divided into the normal
hs-CRP group (hs-CRP< 3 mg/L) and (hs-CRP > 3 mg/L)
compares two groups of patients, respectively. There were
44 cases in the hs-CRP increased group (35.8%), and their
stroke risk factors such as diabetes mellitus and smoking
ratio is higher than the normal hs-CRP group (Table 1).

Table 1 The basic information of symptomatic MCA
stenosis patients

The normal hs H::ere:sse;CRP

-CRP group rou (44 P&

(79 cases) group

cases)

Age mean (SD) 65.39(9.83) 66.77(9.69) 0.45
gender(male) 47/32 29/15 0.48
Diabetes n (%) 20(25.3%) 21(47.7%) 0.01
Blood pressuren (%) 54(68.4%) 33(75.0%) 0.44
Hyperlipidemian (%) 41(51.9%) 27(61.4%) 0.31
Smoking n (%) 31(39.2%) 27(61.4%) 0.02
Drinking n (%) 19(24.1%) 13(29.5%) 0.51
Coronary heartdi -

12(15.2%) 13(29.5%) 0.06
sease (CHD)n (%)
Family  history  of

19(24.1%) 12(27.3%) 0.69
stroke n (%)
NIHSS, mean (SD)  2.33(1.56) 3.46(1.19) 0.001
MRS > 2, n (%) 24(30.4%) 28(63.6%) 0.001
Recurrent stroke

4(5.1%) 8(18.2%) 0.027
n (%)
All —cause mortality

2(2.5%) 3(6.8%) 0.348
n (%)
Endpoint events 6(7.6%) 11(25.0%) 0.007

2.2 The relationship between hs-CRP and illness severity
of SMCAAS

The SMCAAS illness severity through expression
NIHSS score when patients entering the group, NIHSS
score were abnormal distribution, range of 0 to 6, the me-
dian of 3, the interquartile range of 2-4. NIHSS score of

the hs-CRP increased group was obviously higher than that
of normal hs-CRP group (P < 0.001; rank-sum test, see
table 1). Correlation analysis results showed that the
hs-CRP levels and NIHSS scores were positively correlat-
ed (r=0.454, P <0.001; Spearman 's related).
2.3 The relationship between hs-CRP and short-term
prognosis of SMCAAS

Three months follow-up after treatment. Degree of func-
tional recovery in patients were mRS score, and mRS
score of abnormal distribution, range of 0 to 5, the median
of 2, the interquartile range of 1-3. NIHSS score of the
hs-CRP increased group was obviously higher than that of
normal hs-CRP group (P = 0.001; rank-sum test), and the
incidence of poor prognosis was significantly higher than
normal hs-CRP group (63.6% ,30.4% ;P = 0.001; OR4.
01,95% CI1.84~8.74). Logistic regression analysis, the
hs-CRP > 3 mg/L was not independent risk factor for poor
prognosis (P = 0.69). There were 17 cases of outcome
event (13.8%), 12 cases recurrent stroke (9.8%), 5 cases
died (4.1%) follow-up of 3 months including 4 cases of
vascular factors, 2 cases of cerebral infarction recurrence,
1 case of myocardial infarction, 1 case of lower limb arte-
rial thrombosis, 1 case of vascular factors and 3 cases pul-
monary infection. The endpoint events of the hs-CRP in-
creased group was significantly higher than that of normal
hs-CRP group (25.0% ,7.6% ;P=0.007,0R4.06,95% CI1.
38~11.89). Control other confounding factors such as gen-
der, age, hypertension, diabetes, hyperlipidemia, coronary
heart disease, smoking, drinking, family history of stroke,
NIHSS score, etc. Logistic regression analysis, the hs-CRP
> 3 mg/L (OR3.98;95% CI1.12-14.23;P=0.033) was inde-
pendent risk factor for SMCAAS endpoint events.

3. DISCUSSION

The NIHSS score of the hs-CRP increased group is sig
nificantly higher than that of normal hs-CRP group in pa
tients with symptomic middle cerebral artery atheroscle
rotic stenosis (SMCAAS )at admission according to the re
sults of this study, and the mRS score, poor prognosis, re
currence of ischemic vascular lesions and the risk of death
are significantly higher than the normal group follow-up of
3 months. This result corrected other cerebrovascular dis
ease risk factors after the acute phase of the hs-CRP in
creased is still closely related to the endpoint event for the
independent risk factors, and the hs-CRP increased have
3.98 times risk of occurring endpoint events than not in
creased (P=0.033). These results suggest acute hs-CRP lev
els are closely related to SMCAAS condition and
short-term prognosis risk predictors.

As acute inflammatory reaction protein, CRP is minimal
content in the serum or plasma under normal circum-
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stances. There is acute inflammation in the body with ele-
vated serum CRP concentration can be quickly into one
hundred times. Numerous studies have found that
atherosclerosis is a chronic inflammation, it would make
the serum CRP level slightly increased continuously, 3 to
10 mg/L, more conventional CRP detection (detection
lower limit of 8-10 mg/L) cannot complete, and the
hs-CRP detection (detection range 0.01 10.00 mg/L) can
improve the sensitivity of determination of CRP. Past stud-
ies have shown that the increase of serum CRP concentra-
tion is one of the independent risk factors for cardiovascu-
lar disease [3-9]. The reason is the hardening of the arter-
ies in intracranial and extracranial or coronary atheroscle-
rosis have certain difference[10]. The study of relationship
between hs-CRP and intracranial atherosclerosis especially
with SMCAAS is less, and the detection time and fol-
low-up time are also not consistent[4-6]. Arenillas et al[6]
in Europe people study found CRP level after 3 months
was related to prognosis risk of followed up for 1 year
symptomatic intracranial artery stenosis, and found that el-
evated levels of CRP was associated with intracranial
atherosclerosis progression independent [4]. Intracranial
atherosclerosis dynamic had evolution process, intracranial
atherosclerosis progression was closely related with recur-
rence of ischemic vascular lesions and to the risk of death,
support the results[4-11].

The hs-CRP levels of SMCAAS acute SMCAAS illness
severity of short-term prognosis related mechanism is not
clear, may be that SMCAAS in the acute phase serum
hs-CRP reflects the degree of brain tissue damage and in-
dividual levels of inflammation, hs-CRP increased in acute
phase on behalf of the brain tissue damage which has
strong inflammatory reaction so that the illness is heavier,
and the risk of cardiovascular disease the future recurrence
would be also increased [3-6, 9]. The hs-CRP increased by
inflammatory mechanisms to promote vascular endothelial
injury and intracranial atherosclerosis progress, and is
closely related to the recurrence of ischemic vascular dis-
ease and mortality risk [9-14]. The hs-CRP increased are
also directly damage the blood-brain barrier, promote the
brain tissue damage [15].

Intracranial atherosclerosis is the major cause of stroke
in Asian populations, especially in the brain artery stenosis
or occlusion, and there is still lack of ideal treatment. The
effective evaluation and screening high-risk patients with
SMCAAS and predict its prognosis have important theory
value and practical significance. The results show the risk
of again hair ischemic vascular lesions and death for the
SMCAAS patients who hs-CRP levels increased was sig-
nificantly higher than that of normal hs-CRP within 3
months. These results suggest acute hs-CRP levels are

closely related to SMCAAS condition and short-term
prognosis risk predictors.These results have important sig-
nificance in the treatment and secondary prevention of
SMCAAS in the future. More attention should pay to de-
tection the level of hs-CRP and intervention hs-CRP levels
in early phase for SMCAAS treatment process. The insta-
bility of intracranial atherosclerosis plaque should be using
anti-inflammatory intervention therapy according to the
hs-CRP level might improved the prognosis of SMCAAS,
and more research need to be given in the further[16].
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